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FOREWORD

This report is an informal account of progress on the plastice
bonded explosives program and of miscellaneous service which it
appeared necessary to perform for groups outside the Explosives
Division., Most of the activities deascribed are supported by NOTS
Task Assignment 43008/02 and Local Project 992. Since the report
12 released at the working level, the material it contauins may or
may not reflect the official views of the Station. Much of the
material is of an exploratory nature and may or may not be confirmed
by further investigation.

K. S. SKAAR
Head. Kxploeives Division

Released under

the authority ofs
WM, B, McLEAR
() ect
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Fous papers descride successiveiy (und supply date on):
Cosgiction Procedures for PEXK-. Siurries, Nylon Bonded HMX
Cumb; natiocns, High Temperuture-iesistent Expiosive Compositions,
«nd Tuprovessnt of the Bulk Density of PRXN-2 Molding Puwder.

¥ Lol iots of the udiv du.. .pers ppe.r 1 uhe Contents.
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CW.GUMTIWWNR m'l m..........aa...... l
by: Barbara A. Stott end Martin H. Kaufmon

™0 methods sre described for improving sgglomeraticn in

PEXN-1 slurries., One procedure involves the addition of
nitrate salts to the quench water to promote nylon cor-ulation;
the other, treatment of the aluminum flake to reduce its
segregation tendencies. Various inorganic and orpuauic )
compounds were incorporated, either as quench additives or as
ccatings for the phosphuted metal, These matericls were found
to produce marked effects on the properties of the cou ulant.

Impact-sensitivity tests conducted on samples showing optimun
sgglomeration characteristigs gave values approximating those
for Composition B.

Im-wmmmmnﬁm.....u..................u-u. 5

by: C. W, Falterman, H. D. Stanton, H. J. Grytinz, and
K. 8. Bkaar

" The need for an insensitive explosive with high stren;th and
easonable detonation velocity prompted investigation of
rylon-bonded IMX comdimations with higher than 104 nylon. At
zbout 25% nylon, the PEX has a compressive strength of 11,000
p8i; it ia as insensitive as pressed THT, and yet it retains
explosive froperties comparsble to Composition B.

Figure 1. Varintion of Impact Sensitivity With

Fylon-Content in Nylon-IMX Composition.cseceese T
Fipure 2. Effect of Nylon-Content Variation on

mtomtiou velocity"I.tliiﬂl"OO...OOQ0.0U‘Q-O 7
Mgure 2. Estimmted Effect of Nylon-Content Variation

on Relative Metal Acceleration...csesecesesvene 8
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HIGH-TEMPERATURE -RESISTANT EXPLOSIVE COMPOSITIONS .. e0vvvens
by: C. Dougius Lind, Peter L. Stang, Martin H. Xaufmun

Several high-temperature-resistant explosive compositions
vere prepared and evaluated. Of these, the HMX/Xel-F 5500
elastomer composition (90/107 by weight) seemed to be most
proaising.

Table 1. Properties of Righ-Terperuture-Resistant
kplo.iveaQOQOOOOOOOQCQO.'...Q.........Cl‘.t".'

IMPROVEMENT OF THE BULK DENSITY OF PEXN-2 MOLDING POVWDER....
by: William Gordon

A method is descr.bed for pruducing PEXN-Z with a bulk
density of approximmtely 1 g/cc The method essentially
consists of using an inert diluent, tolusne, in the binder
solution, partially precipitating out the aylon froa the
binder solution and completing the precipitation and PXX
purticle-formation in a modified kettle containing s water-
wmethanol and nitric acid solutfon.

Figure 1. Schematic of Mixing and Dispersion Kettles.....
!‘igure 2. Pine Particie Size PEIN-C..ccocevcrsocrcacesnns
Figure 3. Desireable Particle Sise PEXN-2.....c00:000.00.
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ABBREVI'TIONS AND SYMBOLS

cyclotol
det pt

Y-

det vel or D
HBX-1

X

is

PBX

gLoh PBX
RDX

™

CONFIDERTIAL

ROX/TNT (75/<5 % by wt.)
detonation point

density

detonation velocity

standard explosive mix
cyclotetramethylenetetranitrunmine
impact sensitivity
plastic-bonded explosive

los Alamos PBY
cyclotrimethylenetrinitramine
theoretical maximum density
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COAGULATION PROCEDURES FOR PHEXM-1 SLURRIES
Barbara A. 3tott end Martin H. Kaufman

PBACKGROUND

Production of PEXN-1 molding powder by the slurry process
involves two main steps: first, mixing together RDX and aluminun
"ake in & lacquer of nylon in methanol and, second, agglomerating
tre solids by the addition of an aqueous gquench. The ideal
rosult after suitable size breakdown and removal of liquids i3 a
homogeneous mixture or molding powder of nylon-coated RDX and

ctal particles, which can then be pressed to the desired shape
and size.

Tvo major difficulties have been encountered in carrving
out the alwrrv process. One 1s the fallure of the nylon to
completely coagulate. This results in a milky supernatant
1iquid, which is difficult to filter, possible loss of nvlon fr =~
the finished forrmilatfou, and possible inefficient coating.
The second problem is segregation of the aluminum, The natursl
loafing tendency of finely divided flake aluminum, which leads
to greater dispersion, appears to be greatly augnented by the
vhosphate treatment used to passivate the nmetal. When the agglo -
ate of RDX, aluminum, and coagulated nylon i3 broken vp to obtiin
the desired narticle-size, metal flakes strean from the maln taos
an if electirically repelied. Under some conditions this se:rz-atin
ozeurs lmmediately after addition of the quench liquid, even Yun-e
attermts are mede to reduce particle-size. The net result in an
case tay be elther segregation or loss of up to 40 of the orisin
aluminum content by mdgration into the aqueous phase.

THE STUDY

The purpose of the present study, tlerefore, was to fiad a
wans of c'iminating these two protlems, the failurc of the n: oo
to coapletely coagulaté and the tendency of the metal to scnar.in
out, Better coating procedures, it was hoped, not onl; would
lirrove rommogition and bulk density hut also would achieve th-
raximu: desensirization possible in a mixture of this typc.

CONFIDENTI L ‘ 1
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The difficulties described were first approached by
.ntroducing var.ous additives to the gquench liquid. Extreme
effects were noted in muny cases. Both inorganic electroiytes
~id orpgunic liquids vere tried, the latter possessing solubility
characteristics such that they vere miscible with wvater and exerted
aepligible or very low solvent action on the PEX constituents.

N trute salts at nearly neutral pH values and concentrations
renging from 1 to 2.5 grams per 10U ml were very effective in
prowoting rapid and complete nylon coagulation. These salts
#i80 brought about some reduction ia the leafing tendency of
sluminum. However, considerab.e aluminum separation was still
encountered vhen the cocagulant vas broken down to the desired
purticle-sise. Sodium, ammonium, magnesium, and aluminum nitrates
aii appeared to bde equilly beneficial whereas other electrolytes of
analogous charge combination, such as sodium 1odide or msgnesium
«nd aluminum sulfutes, either failed to coagulate the nylon
completely or caused extreme a.iuminum segregation or both.
Reducing the pH of a sodium nitrate solution to about 2 resulied
‘n {mmedinte and extreme leafing as soor as the gquench liquid
wvus introduced.

The orgunic additives investiguted were of little value in
prouoting complete coaguiation or in preventing metal segregation.
Aowever, they appeared to cause an instantaneous reduction in
particle-size under certain experimental conditions. When
combined with & nitrate to obtain better cosgulation, they
.nmedlately produced homogeneous curds of about 1/16 in. diameter.
The phenomenon, although consistent in the laboratory, was
difficult to reproduce on a larger sca.e with the slurry equipment
-Vaiianbie. Some of the organic addi{tives studied were carbitol
scetate, diacetone alcohol, diethyl.ne glycol, methoxytriglycol
.cetate, dioxune and tetrahydrofuran.

after addition of nitrates to the slurry quench had succeeded
in promoting better coaguiation, the remaining problem of aluminum '
segregation was approached by coating the metal with various
‘norganic salts, surfactants, and resinous materials. Of these,
only the latter type proved both effective and practical. It
wugs found that a very thin layer of iacquer grude nitrocellulose
applied to the metal flake immedisately after phosphating reduced
segregution to an axtent compareble to that evidenced by
vnphosphuted aluninum. The agglomerate could be miceruted in
.he aqueous quench more than enough t¢ break down particle-size
vefore «n, subgtantial quantity of metal was lost.
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.nother resin which showed promise was Alkydol 17C.%
Undoubtedly still others, wvhich were not investigated becuuse
of time limitutions, would be equally effective. The two
described, Alkydol and nitrocellulose, had the advuntage of
be ing acetons soluble. This property permitted direct
applicat.on after phosphating, since rinse water from the
phosphating process could be easily removed by wushing the
sluminum with acetons, and the resin in acetone solution
could then be conveniently introduced. In addition, results
indicated that these two resins withstood the solvent action
of methanol sufficiently well to prevent their complete
removal from the aluminum during the initial stages of the

8..uIrry process.

Washes applied to sluminum, vhich failed to reduce leafing,
vere those containing the inorgmnic compounds: chromic acid,
jotassium dichromate, ammonium nitrate, and sodium siljcate.
qually ineffective yere solutiops of G.E. 60 silicone<,

Arqguad 183, Armid mx: Duponol Gg: beta-chloroethyl phosphate,
diphenylamine, hydroxylamine, Carbowa , sebacic acid,
stearic acid and alphs-hydroxy-decanoic acid. Most of these
latter additives, in fact, increased the tendency of the metal
to segregate, extreme leafing often occurring even dbefore .
attempts were made to reduce particie-size. Sodium stearate was
the only coating of this type wvhich showed any degree of promise.
However, difficulties in its handling and application, plus its
possible deleterious effect on physical properiies when present
in sufficient concentration, led to its rejection in favor of
the more easily processed nitrocellulose.

Nylon and lucite precoats were also tried. Both failed to
reduce segregation to the desired extent. The nylon, in this
case, wus undoubtedly removed from the metal surface by the
methanol solvent in the slurry.

Since, as has veen pointed out, unphosphated flake produced
relatively few segregation difficulties, initiul attempts vere
directed toward extracting surface impurities from the unprocessed
aluminum and redepositing them on freshly phosphatal flcke.
Microscopic examinution had shown no readily observable size or

IXTkydol iaborutories, Inc., Cicero, Ill.
2Gereral Electric Co., Waterford, N. Y.
30ctadecy1 trimethyi ammonium chloride, Armour Chemical Div.,

Chiosﬁo, Il1.
liphatic amide, Armour Chemical Div.

Aikyl sulfate, E. I. duPont de Nemours
Glyco Products Co., Inc., New Y.ork, N. Y.

CONFIDENTTIAL 3
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shape dirferences betwuen treated and untreated metal;

therefore, it could be ussumed that the presenos of a chemical
impurity such as residual milling lubricant might reduce the
segregation {n the case of unphosphated alumimun. This
conclusion appeared unfounded, however, as extrems leafing
occurred wvhen phosphated aluminum treated vith acetone soluble
surface impurities wvas incorporated into a slurry btatch.
Revertheless, it is interesting to note that in subsequent tests
sodium stearate, a possible mill contaminant, vhen applied from
agqueous solution, did reduce leafing. The fact that sodium stearate
is not highly soluble in acetons--the solvent used to psrform the
desired extractions--might explain the failure of the first tests.

Noue of .2 additives investigated, with the possible
exception of the siliccne, appeared to sensitize the final

composition.

Impact tests were conducted on all samples except those in
which extreme serregation precluded further consideration. At
the 50% detonation point, drop heights ranged from ?6 to ki om,
as compared with a Composition B standard of 41 cm.

Additional tests are in progress to evaluate more fully the
physical and explosive properties of PEXN-1 compositions made
using the described optimum modifiocations.

" TStandard deviation: 2.4 ca.
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RYLON-BONDED HMX COMBINATIONS

C. W. Palterman, H, D. Stanton,
H. J. Gryting and K. 8. Skaar

One of the objectives of the Naval Ordnunce Test Station
1 sc.l year 1958 18 u high-strength, high-detonation-velocity
piosstic-bonded explosive (PEX), one with « compressive
st.ensth of about 11,000 ps! und 4 detonution veloeity of
oovt 8,700 mfsee. PEXN-Z, which is S5-0%-by-weight nylon
snd the resainder 16-micron HMX, gives promise of flfilling
threse physical requirements.

The specific need of local Project 952 for a much more
insensitive explusive with reesonuble detonation velocity and
high-strength prompted i:vesti;zation of a nylon-HMX combination
st high nylon ccote: ts.

The nethod of prepuaring the explosive molding powder and the 1
preparation and testing of pellets have been described previously.
Tlie tmpact sensitivity determinution on smull pelletc bas also

been deserited.€

K,lon-HMX combimations [1C-mieron HMX) of 4.3, 5.2, 6.2, YO,
L. 29, «nd 50%-by-weight nylon were investiguted. Their
coupressive strenths varied from 10,300 to 11.500 psi--strengths
which cowp.re very fuvorably with those for Composition B
(1,300 pst), PBX 9hobk (2,900 psi), and concrete (about 4,000 psi).
Even ihough the coupressive strengths of nylon-EMX combinations
41d not chunge mich vhen the nylon-content was varied, the zreu
under the compressive curves3 increased almost linearly from

ITnvestigation of Nylon-HMX Plsstic Bonded Expiosive, by
Cs We Pulterman, H. D. Stunton, H. J. Gryting und K. S. Sksar.
China Lake, Calif., NOTS, 9 July 1057. (NAVORD 5586, ROPS 179C),
CONFIDENTIAL.

ZPRX Progress foo the Quarter Ending 30 June 1957, by The
Explosives Division. Chima Luke, Culif., ROTS, July 19%7.
(FPR 194, wors 1811), CORFIDENTIAL.,

3PRX P-ogress for the Quarter Ending 30 September 1557, by
TIw Explosives Division. China Lake, Calif., NOTS, 12 Dec. 1957.
(TPR 202, KOTS 18681 ), CONFIDENTIAL.

»
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2.4-1n.2 with 64 nylon to about 15.3-1n.? with 50% nylon.
This area is a function vhich is probably a msasure of how
such encrgy the pellets will absort before failing and is
believed to be an indication that impact resistance increases
almost linearly with nyloa-content.

The impact sensitivities of nylon-EMX combinations as
determined on the pellet form of the explosive are presented
in PMg. 1, slong with those of standard explosives.

These data indicate that the impact sensitivity decreases
as the nylon-content is increased and that at about 20%-by-weight
nylon the sensitivity appears to dscrease more rapidly than before.
The insensitivity of this composition with 32% nylon, determined
on the pellet form, is about the same as that of TNT. The
sensitivity determinations on the standard powder form of this
PEX with 4.3 to 10% nylon suggested that it vas even less sensitive
than standard explosives. '

Detonation velocities of 1/2-in.-diameter pellets pressed
to 984 of theoretical maximum density (TWD) are presented as
a function of nylon-content in Fig. 2, along with those of
standard explosives.

The detonation velocity squared multiplied by the density
(PD2) mltiplied by a constant (1/4) is used as an estimation
of the Chapman-Jouget pressure; this approximates the relative
plate-accelsration. In Fig. 3 the plate-accelerstion
effectivensss of nylon-HMX combinations is compared to that
of THT by means of a ratio of their PD2's. (The Jongs
formila is more precise than the A D approximation;® it makes
use of the change in detomation velocity with density:

P= QDZ' vhere O » ideal value

(z+na) (1 + _g__)(l%)
]

of ¥ - 1 0.25. The value or.la.g has not been determined,

however, for the nylon-EMX explosive.)

B ucgested by Jacobs. See The Energy of Detonation, by
Sigmund J. Jacobs. Naval Ordnance laboratory, White Oak, Marylamd.
(NAVORD 4366) 17 September 1956, UNCLASSIFIED
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FIG. 1. Variastion of Impact Sensitivity With Wylon-Content
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The curve in Pig. 3 suggests that a composition of about
60-65% HMX und the remainder nylon gives a detonstion pressure
equivalent to that cf TNT. The data above appear to indicate
that HMX can be combined with nylon of about 25%-by-weight
tc become adbout as insensitive as pressed TNT and yet retain
explosive properties comparsble to Composition B. It is believed
that such an explosive will f£ill the specific need mentioned at
the beginning of this report.

Some of these nylon-bonded NMMX compositions appear to have
high mechanionl strength and reasonsble resistance to dstomation
by impact. They also hold high promise for plate-acceleration,
for contimuous-rod fragmsntation or shaped-charge varheads,
or for any other application requiring a relatively rapid
energy release (as contrasted to a metallized air-blast explosive).
The nylon-content may be selected according to whether energy,
or insensitivity, or impact strength is the most important
property for a given application.

1.h=
1.3- :
a 102"
glul‘
8
“1.04 Comp

NQ
‘009"
0.8~ ™

8o0.14

Q0.6+

0 s 10 15 20 2 30 35 M s
m. “o ’

Pig. 3. Estimmted Effect of Nylon-Content
Variation on Relative Mytal Acceleration.
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HIGH-TEMPERATURE-RESISTANT EXPLOSIVE COMPOSITIORS
C. Douglaa Lind, Peter L. Stang, Martin H. Kaufman

PACKGROURD

Aerodynamic heating of missiles in flight and which will
P+ carried by "proposed” aircreft necessitates a high-temperature-
resistant explosive composiicion. Even though the temperature
attained by an internal component of a warhead -ay be less than
skin temperature--how much less depending on insulation, type
of heat sink, and time of exposure--the need for development of an
explosive composition resistant to temperature up to 250°C
(the skin temperature at Mach 3) is obvious.

It 1s expected that PEXN-1 will fill the need for an explosive
resistant to temperatures up to about 150°C, the melting point of
the nylon used. The nylon-HMX composition designated PEXN-2,
described in the nylon-bonded HMX paper in this progress report,
will vithstand temperetures up to 150°C before melting and has
an even higher autoignition temperature.

TEE STUDY
TEMPERATURE~RESISTANT COMPONENTS

Binders. A survey of commercial temperature-resistant
plaatics indicated that several classes of plastics including
fluorocarbons and silicones might be suitable for temperature-
resistant compositions. ;

%:‘xgsives. A search of the A. D, Little punched-card
compilation of known explosive compounds stable above 250°C
yielded several promising explosives to be investigated

ineluding ammonium picrate, HMX, and guanvlurea perchlorate.

IRVESTIGATION
Several explosive compocitions were prepared and evaluated.

Guanylurea perchlorate, an impact-insensitive explosive with a
high melting point, was found to undergo an exothermic reaction

CONPIDENTIAL 9
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at 195°C involving decomposition into a compound with decreased
cnergy. Thus, this exglosive might be useful only at
temperatures below 195°C

EM is stable at tempsretures above 250°C; however, the
effect of & solid-solid trensformation at about 180°C needs
to be examined.

Properties of Temperature-Resistant Compoeitions.
a::toiﬁigion-mmtm-nauum and other properties for

severul teaperature-resistant compositions which were
investigated are given in Table 1. The composition which
showed the most promise as to tempersture-resistance without
great energy loss vas HMX/Kel-P 5500 Elastomer (90/10%-by-wt.),
vhich has a detonation velocity and an impact sensitivity
close to those of PEXN-2.

10 CONPIDENTIAL

© g AT G RN i



COFIENTLL — TECHNICAL FROGKESS REFORT 206

TABLE 1. Properties of High-Temperature-
Besistant Explosives

e e

Composition
no, % ,
Impact sensitivity, , ,
~ (50% pt), cm (2.5Kg)” |153 123 139
Autoignition temp., “C. |25B-61 | 266-8 26z-266
Detonstion velocity, n/seq -- €901 -
Plute dent (1/4-in. ball),
inn - Q.%g ' 8 - -
“?lo'hm Used: ]
nder Used: Xel-F 5500  Sliastic W00  Triailyl-
N ’ : Blastomer Elastomer c;smuuteb
Composition 8o/20 | 90/10 90/10 90/10
Density, g/emd 1.865 | 1.856 1.723 --
m# $ 98‘2 Wns 9809 -
ot sensitivity
50% pt), em (2.5Kg)* k2 2 3 29
Autoignition tewp., °C [25k-6 | 264-8 258-60 222-4
Detonation velocity, : ,
n/sec 8187 | 8586 8134 .
Plate dent
(1/b-in. ball), in. [0.102 | 0.11b 0.092 .

éyulues for 35-.g pellets with the Composition B, comtrol
ehnrtgvalv.e k) em.
Solution polymerized and then mixed with explosive.
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PEXN-2 MOLDING POWDER

William Gordon

INTRODUCTION

It is relatively siuple to prepare PEX molding powder on u
laboratory scale and to press it into s)ecimsns for ewslustion
of its stability, physical properties an. explosives charucteristics.
However, laboratory-scule molding powder usually lacks certuin
properties vhich arv desirable from a production viewpoint,
properties such as high bulk density and good control of particie-
size. The lack of refined lurge-soale processing technigues for
molding powder may account for the poor physical properties and
sensitivity values obtained. Although impact sensitiviiies and
strength may depend on preparation techniques, the explos.ve and
stability characteristics will probadbly be unaffected by them.

To be considered practical for the preparation of molding powder,
u process must consider certain properties of the powder itself.
Sume of these are uniformity of composition, uniforzity of binder
distribution, purticle-size of the constituents, and particle-
size and bulk density of the molding powder.

: Bulk density 1s defined as the total mass per unit of total
volume. Bulk density 1s not un intrinsic characteristic of the
mmterial but varies with the size-distribution of the purticles
and with the poropity of the particles. For a single nonporous
purticle, the true density equuls the bulk density. High bulk
density molding povder is very important for certain isostatic
processing studies. This paper describes a method for obtaining
4 bulk density of upproximately 1 g/ec for PEXN-Z2 molding powder.

THE STUDY
The bulk density of PHAN-1 and PEXN-2 molding powder prepured
by original methods was low--in the renge of 0.3 to 0.4 gfec. &

desirable bulk density would be 0.9 gfec; hovever, at this time
0.7 gfee vould be considered ascceptable. ,
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There vere two areas of approuch toward possible improvement
of bulk denesity: (i) coating the plastic-binder around the
explosive crystals, wvhich probably would be most important from
the viewpoint of decreasing the porosity of the molding powder
purtitles, and (2) modification of the equipment to obtain
the proper size-distridution of the molding powder particles.

Exploratory efforts incorporating aspects of both these
lines of investigation have recently produced PBXN-2 molding

powder (5-6% nylon/95-9%% MO) with a bulk density ranging from
0.75 %o 1.0 gfec.

PREPARATION OF MOLDING POWDER

The technique used for the preparstion of high-bulk-density
PIXN-2 is essentially as follows:

1. The binder (nylon) is dissolved in methanol.

2. Sufficient toluene (an inert diluent) is added to
bring the fiml weight ratic of nylon/methencl/toluene to 1/3/b.

3. W& containing approximately 1%% water is added to
the binder solutior and the resultant slurry is mixed for
X minutes. At the end of this period the nylon, apparently,
bas partially precipitated.

4. This "curded mud" is then transferred to a dispersion
kettle filled vith water/methancl (2/1 weight retio) and a
small amount of a nitrate compound, vhere it is dispersed into
molding powder particles.

A somevhat similar technique was tried by 8. Wright,
Holston Defense Corporation. However, it involved the use of
toluens in the dispersing liquid to produce a two-phase
system, and, so far as {s known at NOTS, results of this early
experimentation were inconclusive.

PRYSICAL CHEMISTRY STUDIES

It vas thought that the two most important wys to reduce
porosity would be to control precipitation of the nylon from
the binder solution (since this would probably affect the
porosity of the nylon-couted sxplosive particle) and the
concentration of the binder solution (sibce this would affect
the amount of solvent to be diffused out from within the nylon
emvelope around the PEX particle).

1h | CONFIDENTIAL
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Luboratory vork showed that vhen nylon is precipituted from
» methanol solution it passes through a tacky stege prior to
ussuwaing 1ts final hardened state. This tscky stage is probebly
the periocd during which the PRX puriicles agglomerate into
lurge unvorkable pileces; and it appeared reasonable to assunme
that if the duration of the tacky stage could be controlled
the amount of sagglomeration could be controlled. By use of
weter containing 2% nitric acid, the rate of precipitation of
‘the nylon was rccelerated and there was much less agglomeration
of the particles into an unvorkable mass.

At the same time tests were made to determine the minimum
amount of solvent necessary for the slurry process, so as to
reduce the quantity of solvent which must diffuse from within
the nylon envelope around the explosive. It was found possible
to produce a concentrated solution of 1 part nylon to 3 parts
methanol, however, this solution was not thin encugh to coat
the explosive perticles vhen the solution was sdded to the
binder solution for mixing. A solution of one part nylon to
seven perts methanol is required to mix the explosive adequately
in the binder solution in the mixing kettle. Therefore, a sclution
of nylon/methanol/toluene in the ratio 1/3/hk was used for mixing
the explosive with the binder. The toluene was used as a
diluent for *ix nylon-methsnol solution.

The use of toluene as a diluent In vhich nylon is not
soluble is practical only for ratios of the magnitude listed in
the preceding paragraph. Addition of toluene in greeter ratios
caused the nylon to precipitate out of solution.

When the HMX containing approximately 15% water was added to
the nylon-methanol-toluene solution and was mixed, the nylon
partially precipitated out of solution and formed little globuies
of PEX. These globules were not tucky; they appeared to be
cupable of retaining their individuality throughout the mixing
process.

Thus, to recapitulate, when HMX is added to a 1/3/4 nylon/
rethanol/toluene solution and mixed, and when subsequently two
parts of water for each part of nylon are added, a PBX particle
uf the type desired begins to take form.

EQUIPMERT MODIFICATIONS
Two important variables producing a PEX molding powder with

proper particle sizee-distribution are better flow pattern and
shear distribution in the dispersion step of the slurry process.

CORFIDENTIAL 15
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Figure 1 is a schematic diugrci of the kettles presently used
for mixing and dispersion.

Previously, both the mixing step and the dispersion of
explosive suspended in the binder solution were performed in the
mixing kettle. The mixing kettle was not satisfactory for the
dispersion step because the flow pattern and shear forces were
such that the material around the turbine dlade tended to agglomer-
ate in very large particles, vhile only a small amount of the mater-
ial was sufficiently dispersed as to te in the desired particle-size
rangs. When the speed of the agitator was increased to reduce the
amount of agglomerate in the turdbine bdlade region, a proportional
anount of the material in the desired particle-size range was re-
duced to an undesirably fine particle-size. The dispersion kettle,
on the other hand (based on a limited amount of experimentation)
appeaed to have both a more desirable flow pattern and better
control over the shearing forces acting upon the dispersed particles.

INTEIMEDIATE~SCALE BATCHES

"hree 25-1b batches were made to test effects of using (1) meth-
anci-toluens solvent for the nylon binder, (2) the mixing kettle
t0 aix the sxplosive in the binder soclution, and (3) the dispersion
kettle to precipitate the nylon out of the solution around the explo-
sive crystals and to disperse the PBX particles as they were formed.
Each time the binder solution and wet explosive (containing approxi-
mately 15% water) were mixed in the mixing kettle, at tne end of
the remote period it was noted that the bindcr solution--explosive
"mad"-~-had coagulated into curdy particles. PFollowing the mixing
period, the explosive-dinder-solution mixture wes removed from the
mixing kettl2s and put into the dispersing kettle, which contained a
2% nitric acid-water solution and was agitated at approximately 75 rpm.
The rativ of dispersion liguid to binder solvent was 6.5/1. It was
noted that the curdy explosive-dbinder-solution mixture immediately
broke down into fine particles. During filtering, the PBX wags found
?o be 75% f;nc (see Pig. 2) and 25% of a more desirable particle-size
see Fig. 3).

Preliminary laboratory testing of the intermediate-scale molding
powder batches showed that somes degree of coating was achieved; an
impact sensitivity valus of 30-33 ca wvas cbtained at the 50% detona-
tion point (as compared to 19 cm for pure HMX). Small pellets,
of 1/2-inch diameter and 3/b-inch length, pressed from fine-particle
molding powder could be campacted to only 95--97% of TMD, howeves,
and compressive strengths of only 5,000 to 6,000 psi resulted. It

16 CONFIDENTIAL
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i s thouzht that a pussible reason for the low density and
cogpressive strength may be the degradation of the nylon by the
wcid i the dispersion water. Laboratory work by Barbara Stott
on PRXN-1 has indicuted that nitrate salts, vhich probably do not
harm nylon, may be used in place of nitric scid to accelerate the
precipitution of nylon.

CONCLUSIONRS

A high bulk density PRXN-Z2 molding powder has been produced.
Alithourh the molding powder is not entirely what is desired--
gince (t is too fine and the particle-size control is poor--it
does show thut attainment of a nylonlm molding powder with
bulk density of 0.9 to 1.0 g/cc is possible.

CCHFIDENTL .L , 17
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